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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present Invention relates to a continuous process for the polymerization of olefln(s) utilizing as the catalyst 
a bulky figand transition nnetal compound, particularly, to a continuous slurry or gas phase polymerization process. The 
invention Is more particularly drawn to a gas phase polymerization process for polymerizing one or more olefin(s) in 
the presence of a metallocene catalyst system in a fluidized bed reactor In the absence of or in the presence of a low 
amount of a scavenging component. 

10 

BACKGROUND OF THE INVENTION 

[0002] It is widely known that gas and slurry phase polymerization processes utilizing bulky llgand transition metal 
catalysts, otherwise known as metallocene catalysts, have been used to produce a diverse array of new polymers for 

15 use In a wide variety of applications and products. It is well known in the art that these metallocene catalysts and 
catalyst systems are quite soluble in many liquids, particularly those diluents or reactive components used in a typical 
polymerization process. In addition, metallocene catalysts can also be affected chemically and physically by various 
components typically used in a commercial polymerization process. Metallocene catalyst components and catalyst 
system components have a tendency toward fouling and/or sheeting in a slurry or gas phase polymerization process. 

20 In a continuous slurry process, in particular, fouling on the walls of the reactor, which acts as heat transfer surface and 
can result in many problems Including poor heat transfer in the polymerization process. Polymer particles that adhere 
to the walls of the reactor continue to polymerize and often fuse together and form chunks, which can be detrimental 
to a continuous process, particularly a fluidized bed process. 

[0003] In a continuous gas phase process, a continuous recycle stream is employed. The recycle stream is heated 
25 by the heat of polymerization, and in another part of the cycle, heat is removed by a cooling system external to the 
reactor. 

[0004] Fouling in a continuous gas phase process can lead to the ineffective operation of various reactor systems, 
for example the cooling system, temperature probes and the distributor plate, which are often employed in a gas phase 
fluidized bed polymerization process. 
30 [0005] As a result of the reactor operability issues associated with using metallocene catalysts and catalyst systems, 
various techniques for supporting or producing a metallocene catalyst system with reduced tendencies for fouling have 
been developed. For example, U.S. Patent No. 5,283,218 is directed towards the prepolymerization of a metallocene 
catalyst. U.S. Patent No. 5,332,706 has resorted to a particular technique for forming a catalyst by "incipient impreg- 
nation". 

35 [0006] WO-A-9309148 does not primarily address the operating difficulties which may emerge in large scale, com- 
mercial operation. The Examples in Table 3 are batch non-commercial slurry examples. WO-A-9309148 does not teach 

commercial scale continuous operation in which scavenger is substantially absent. 

[0007] US-A-5229478 addresses diene incorporation to make EPDM elastomers. The Examples are batch. In Col- 
umn 1 4 line 1 9 triethyl aluminum (TEAL) is used. US-A-5229478 does not discuss whether scavengers such as TEAL 
40 might or might not be used in commercial scale operation. 

[0008] EP-A-526955 also concerns diene incorporation into a polyolefin. Pages 14 and 1 5 discuss the polymerization 
process options including gas phase and slurry. Line 2 on page 15 discusses the optional use of TEAL. Page 16 line 
42 also refers to TEAL as an optional scavenger. The Examples are batch, 

[0009] US-A-5332706 column 1, line 12 indicates that the reduction of fouling is an objective. Column 2 line 40 
45 onwards comments on the effect of adding MAO solutions directly to the reactor. There Is no specific teaching combining 
a disclosure of commercial scale operation and substantial absence of scavenger 

[0010] WO-A-9425497 published after the priority date of this application. Example 2 represents commercial scale 
operation. There is no specific teaching in Example 2 to substantially omit scavenger. 

[001 1 ] While all these possible solutions might reduce fouling or sheeting somewhat, some are expensive to employ 
50 and/or may not reduce both fouling and sheeting to a level sufficient for the successful operation of a continuous 
process, particularly by a commercial or large-scale process. 

[0012] Thus, it would be highly advantageous to have a polymerization process capable of operating continuously, 
commercially, with enhanced reactor operability while at the same time producing polymers having improved physical 
properties. 

55 

SUMMARY OF THE INVENTION 

[0013] This invention relates to a continuous, slurry or gas phase, polymerization process for polymerizing one or 
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more olefin(s) utili7ing a metallocene catalyst system. 

[0014] In one embodiment, the invention provides for a continuous gas phase or slurry polimerization process for 
polymerizing one or more olefins using a metallocene catalyst system of a metallocene catalyst component and a 
component which can activate the metallocene in a reactor capable of producing at a rate greater than 227 kg/h of a 

5 polymer product, which process operates with no more than 50 ppm of a scavenger based on the total weight of a 
fluidized bed at any given point in time, Introduced directly or indirectly into the recycle or into any external means 
capable of introducing the scavenger into the reactor stream but excluding a process using a metallocene catalyst of 
bis-(n-butylcyc(opentadienyl) zirconium dichloride and methyl alumoxane supported on silica to make an ethylene- 
hexene copolymer wherein the catalyst is obtainable by mixing 229 kg of silica with 310 kg of a 30 % by weight toluene 

10 solution of methyl alumoxane, adding an additional 450 kg of toluene and holding the mixture at 146^*0 for 2 hours, 
adding 6.20 kg of bis-(n-butylcyclopentadienyl) zirconium dichloride and allowing to mix for 1 hour, decanting and 
solvent exchanging several times with hexane, and finally drying at 150**C to a free flowing powder. 
[0015] In a preferred embodiment, the process of the invention is gas phase polymerization processes operating in 
a condensed mode. 

15 [001 6] In one specific embodiment the invention is directed to a continuous gas phase process for polymerizing one 
or more olefln(s), alone or in combination, in the presence of a supported metallocene catalyst system, said process 
being essentially tree of a scavengerselected from one of the group consisting of triethylalumlnum,trilsobutyl aluminum, 
trimethyl aluminum, ethyl magnesium and diethyl zinc and mixtures thereof. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Introduction 

[0017] The invention is directed toward a continuous polymerization process having improved opcrability and capable 
25 of producing Improved polymer products utilizing a bulky ligand transition metal metallocene catalyst component. It 

has been discovered that the use of a scavenging component typically utilized as an additive, in particular in a slurry 

and especially in a gas phase polymerization process, to remove reactor impurities increases fouling and sheeting, 

which can lead to a reactor shut-down. The scavenging component can also increase the production of fines. 

[0018] Typically these scavenging components serve a dual function. They not only remove impurities but also serve 
30 as an activator or cocatalyst for particularly those traditional Ziegler-Natta catalysts, for example titanium and vanadium 

halides. Also, use of a scavenging component can result In a poorer polymer product containing gels. 

[0019] Further too much scavenger can result in a decrease in catalyst activity and result In olefinic low molecular 

weight oligomers. 

[0020] Thus, elimination or reduction of an otherwise well known and widely used component a scavenger, provides 
35 forthe process of this invention having improved reactor operabllity, improved catalyst activity and giving a substantially 
ge! free polymer product. 

Catalyst Components and Catalyst Systems of the Invention 

40 [0021] Metallocene catalysts, for example, are typically those bulky ligand transition metal compounds derivable 
from the fonnula: 



45 



[L]mM[A], 



where L is a bulky ligand; A Is leaving group, M is a transition metal and m and n are such that the total ligand valency 
corresponds to the Lransition melal valency. Preferably the calalysl is four co-ordinate such that the compound is 
ionlzable to a 1 ' charge state. 

[0022] The ligands L and A may be bridged to each other, and if two ligands L and/or A are present, they may be 
so bridged. The metallocene compound may be full-sandwich compounds having two or more ligands L, which may be 
cyclopentadienyl ligands or cyclopentadiene derived ligands. or half-sandwich compounds having one ligand L, which 
is a cyclopentadienyl ligand or derived ligand. 

[0023] In one embodiment, at least one ligand L has a multiplicity of bonded atoms, preferably carbon atoms, that 
typically is a cyclic structure such as, for example, a cyclopentadienyl ligand, substituted or unsubstituted, or cyclopen- 
55 tadienyl derived ligand or any other ligand capable of y\'5 bonding to the transition metal atom. One or more bulky 
ligands may be K-bonded to the transition metal atom. The transition metal atom may be a Group 4, 5 or 6 transition 
metal and/or a metal from the lanthanide and actinide series. Other ligands may be bonded to the transition metal, 
such as a leaving group, such as but not limited to hydrocarbyl, hydrogen or any other univalent anionic ligand. Non- 
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limiting examples of metallocene catalysts and catalyst systems are discussed in for example, U.S. Patent Nos. 
4,530,914. 4,952716. 5.124,418. 4,808.561 , 4.897.455. 5.278.264, 5,278.119. 5,304.614. Also, the disclosures of EP- 
A- 0 129 368, EP-A-0 591 756, EP-A-0 520 732, EP-A- 0 420 436, WO 91/04257 WO 92/00333. WO 93/08221 , and 
WO 93/08199 are of Interest. 

5 [0024] Various forms of the catalyst system of the metallocene type may be used in the polymerization process of 
this Invention. Exemplary of the development of metallocene catalysts in the art for the polymerization of ethylene is 
the disclosure of U.S. Patent Nos. 4,871.705, 4,937.299 and 5.324,800, 5,017,714 and 5, 120,867 .These publications 
teach the structure of the metallocene catalysts and include alumoxane as the cocatalyst. There are a variety of methods 
for preparing alumoxane, non-limiting examples of which are described in U.S. Patent No. 4,665,208. 4,952,540, 

10 5,091,352, 5,206.199, 5,204,419, 4,874,734, 4,924,018, 4,908,463, 4,968.827, 5.308,815. 5,329,032, 5,248301 j 
5,235,081, 5,157,137, 5,103,031 and EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WO 94/10180. 
[0025] Further, the metallocene catalyst component of the invention can be a monocyclopentadienyl heteroatom 
containing compound. This heteroatom is activated by either an alumoxane, an ionizing activator, a Lewis acid or a 
combination thereof to form an active polymerization catalyst system. These types of catalyst systems are described 

15 in, for example, PCT International Publication WO 92/00333, WO 94/07928, and WO 91/ 04257, WO 94/03506, U.S. 
Patent Nos. 5,057,475, 5,096,867. 5,055,438, 5,198.401. 5,227,440 and 5,264,405 and EP-A-0 420 436. In addition, 
the metallocene catalysts useful in this invention can Include non-cyclopentadieny! catalyst components, or ancillary 
ligands such as boroles or carbollldes in combination with a transition metal. Additionally It is not beyond the scope of 
this invention that the catalysts and catalyst systems may be those described in U.S. Patent Nos. 5,064,802, 5,149,81 9, 

20 5,243,001 , 5,239.022. 5,276,208. 5,296,434. 5,321 ,106, 5,329,031 and 5.304,614, PCT publications WO 93/08221 
and WO 93/08199 and EP-A- 0 578 838. 

[0026] The preferred transition metal component of the catalyst of the invention are those of Group 4, particularly, 
zirconium, titanium and hafnium. The transition metal may be in any oxidation state, preferably +3 or +4 or a mixture 
thereof. 

25 [0027] For the purposes of this patent specification the term "metallocene" is defined to contain one or more unsub- 
stftuted or substituted cyclopentadienyl or cyclopentadienyl moiety in combination with a transition metal. In one em- 
bodiment the metallocene catalyst component is represented by the general fonnula (Gp)mMRnR p wherein at least 
one Cp is an unsubstituted or, preferably, a substituted cyclopentadienyl ring, symmetrical or unsy metrically substituted; 
M Is a Group 4, 5 or 6 transition metal; R and R' are Independently selected halogen, hydrocarbyl group, or hydrocar- 

30 boxyl groups having 1 -20 carbon atoms or combinations thereof; m=1-3. n=0-3, p=0-3. and the sum of m-i-n+p equals 
the oxidation state of M, preferably m = 2, n = 1 and p = 1 . 

[0028] In another embodiment the metallocene catalyst component is represented by the fomiulas: 

35 (C5R'm)pR"s(C5R'm)MQ3-p.x or 

R"s(C5R'ni)2MQ' 

40 wherein M is a Group 4, 5, 6 transition metal, at least one CgR'^, is a substituted cyclopentadienyl, each R', which can 
be the same or different is hydrogen, alkyi, afkenyl, aryl, alkylaryl or arylalkyi radical having from 1 to 20 carbon atoms 
or two carbon atoms joined together to form a part of a substituted or unsubstituted ring or rings having 4 to 20 carbon 
atoms, R" is one or more of or a combination of a carbon, a germanium, a silicon, a phosphorous or a nitrogen atom 
containing radical bridging two (CgR'^) rings, or bridging one (CgR'^) ring to M, when p = 0 and x = 1 otherwise "x" is 

45 always equal to 0, each Q which can be the same or different is an anyl, alkyI, alkenyl, alkylaryl. or arylalkyi radical 
having from 1 to 20 carbon aloms, halogen, or alkoxides, Q' is an alkylidene radical having from 1-20 cariaon atoms, 
s is 0 or 1 and when s Is 0. m is 5 and p is 0, 1 or 2 and when s is 1 , m is 4 and p is 1 . 

[0029] For the purposes of this patent specification, the temris "cocatalysts" and "activators" are used interchangeably 
and are defined to be any compound or component which can activate a bulky llgand transition metal compound or a 

50 metallocene, as defined above. It is within the scope of this invention to use alumoxane as an activator, and/or to also 
use ionizing activators, neutral or ionic, or compounds such as tri (n-butyl) ammonium tctra bis(pcntaflurophcnyl) boron 
or trisperfluoro phenyl boron metalloid precursor, which ionize the neutral metallocene compound. Such ionizing com- 
pounds may contain an active proton, or some other cation associated with but not coordinated or only loosely coor- 
dinated to the remaining ion of the ionizing compound. Such compounds are described in EP-A-0 570 982, EP-A-0 

55 520 732, EP-A-0 495 375. EP-A-0 426 637, EP-A-500 944, EP-A-0 277 003 and EP-A-0 277 004. and U.S. Patent 
Nos. 5,153,157, 5,198,401. 5,066,741 . 5,206,197 and 5,241,025 and U.S. Patent Application Serial No. 08/285,380, 
filed August 3, 1994. Combinations of activators are also contemplated by the invention, for example, alumoxane and 
ionizing activators in combinations, see for example, WO 94/07928. 
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[0030] In another embodiment of the invention two or more metRllocene catalyst components can be combined in 
the catalyst system of the Invention. For example, those mixed catalysts described In U.S. Patent No. 5,281 ,679. Also, 
in another embodiment of the invention at least one metallocene catalyst can be combined with a non-metallocene or 
traditional Ziegler-Natta catalyst or catalyst system, non-limiting examples are described in U.S. Patent Nos, 4.701 .432. 

5 5.124,418, 5,077.255 and 5.183,867. 

[0031] For purposes of this patent specification the ternis "carrier" or "support" are interchangeable and can be any 
support material, preferably a porous support material, such as for example, talc, inorganic oxides, inorganic chlorides, 
for example magnesium chloride and resinous support materials such as polystyrene or polystyrene divinyl benzene 
polyolefins or polymeric compounds or any other organic support material and the like, or mixtures thereof. 

10 [0032] The preferred support materials are inorganic oxide materials, which include those of Groups 2, 3, 4, 5, 13 
or 14 metal oxides. In a preferred embodiment, the catalyst support materials Include silica, alumina, silica-alumina, 
and mixtures thereof Other inorganic oxides that may be employed either alone or In combination with the silica, alumina 
or silica-alumina are magnesia, titania or zirconia. 

[0033] It is preferred that the carrier of the catalyst of this invention has a surface area in the range of from 1 0 to 700 
15 m2/g, pore volume in the range of from 0.1 to 4.0 ml/g and average particle size in the range of from 10 to 500 |im. 
More preferably, the surface area is In the range of from 50 to 500 m^/g, pore volume of from 0.5 to 3.5 ml/g and 
average particle size of from 20 to 200 jam. Most preferably the surface area range is from 100 to 400 m^/g, pore 
volume from 0.8 to about 3.0 ml/g and average particle size is from 10 to 100 |im. The pore size of the carrier of the 
invention typically has pore size in the range of from 10 lo 1000* A, preferably 50 lo 500"A, and most preferably 75 lo 
20 350°A(1 Angstrom equals 10'^cm) 

[0034] The catalyst system of the invention can be made in a variety of different ways as previously described. In 
one embodiment the catalyst is unsupported, see U.S. Patent No. 5,317,036 and EP-A-0 593 083. In the preferred 
embodiment, the catalyst system of the invention is supported. Examples of supporting the catalyst system used in 
the invention arc described in U.S. Patent Nos. 4,937,217, 4,912,075, 4,935,397, 4,937,301, 4,914,253, 5,008,228, 
25 5,086,025, 5,1 47,949, 4,808,561 . 4,897,455, 4 ,701 ,432, 5,238,892, 5,240,894, 5,332,706 and WO 95/1 0542 published 
April 20. 1995, WO 95/07939 published March 3, 1995, WO 94/26793 published November 24, 1994 and WO 95/12622 
published May 11, 1995. 

[0035] In one embodiment of the process of the invention, olefin(s), preferably C2 to Cgo alpha-olefins, preferably 
ethylene or propylene or combinations thereof are prepoiymerized in the presence of the catalyst or catalyst system 

30 of the invention prior to the main polymerization. The prepolymerization can be carried out batchwise or continuously 
in gas, solution or slurry phase including at elevated pressures. The prepolymerization can take place with any alpha- 
olefin monomer or combination and/or in the presence of any molecular weight controlling agent such as hydrogen. 
For details on prepolymerization see U.S. Patent Nos. 4,923,833, 5,283,278 and 4,921 ,825 and EP-B-0279 863. 
[0036] In another embodiment of the invention, the supported catalyst system of the invention includes an antistatic 

35 agent, for example, those described in U.S. Patent No. 5,283,278. Non-limiting examples of antistatic agents include, 
alcohol, thiol, silanol. diol, ester ketone, aldehyde, acid, amine, and ether compounds. Tertiary amines, ethoxylated 
amines, and polyether compounds are preferred. The antistatic agent can be added at any stage in the formation of 
the supported catalyst system of the invention, however, it is preferred that it is added after the supported catalyst 
system of the invention Is formed, in either a slurry or dried state. 

40 [0037] In another embodiment of the invention, the supported catalyst system of the Invention includes a polyolefin 
wax or tackifler or the like. 

[0038] The preferred method for producing the catalyst of the invention is described below and can be found In U. 
S. Application Serial Nos. 265,533, filed June 24, 1994 and 265,532, filed June 24, 1994. In a preferred embodiment, 
the metallocene catalyst component is typically slurried In a liquid to form a metallocene solution and a separate solution 

45 is formed containing an activator and a liquid. The liquid can be any compatible solvent or other liquid capable of 
forming a solution with at least one metallocene catalyst component and/or at least one activator. In the preferred 
embodiment the liquid is a cyclic aliphatic or aromatic hydrocarbon, most preferably toluene. The metallocene and 
activator solutions are preferably mixed together and added to a porous support such that the total volume of the 
metallocene solution and the activator solution or the metallocene and activator solution Is less than four times the 

50 pore volume of the porous support, more preferably less than three times, even more preferably less than two times, 
and more preferably in the 1-1 .5 times to 2.5-4 times range and most preferably in the 1.5 to 3 times range. Also, in 
the preferred embodiment, an antistatic agent is added to the catalyst preparation. 

[0039] In one preferred embodiment a substantially homogenous catalyst system Is preferred. For the purposes of 
this patent specification and appended claims, a "substantially homogenous catalyst" Is one In which the mole ratio of 
55 the transition metal of the catalyst component, preferably with an activator, is evenly distributed throughout a porous 

support. 

[0040] The procedure for measuring the total pore volume of a porous support is well known in the art. Details of 
one of these procedures Is discussed in Volume 1, Experimental Methods in Catalytic Research (Academic Press, 
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1968) (specifically see pages 67-96). This preferred procedure involves the use of a classical BET apparatus for ni- 
trogen absorption. Another method well know in the art is described in Innes, Total porosity and Particle Der)sity of 
Fluid Catalysts By Liquid Titration, VoL 28, No. 3, Analytical Chemistry 332-334 (March. 1956). 
[0041] The mole ratio of the metal of the activator component to the transition metal of the metallocene component 
5 is in the range of ratios between 0.3:1 to 1000:1 , preferably 20:1 to 800:1 , and most preferably 50:1 to 500:1 . Where 
the activator is an ionizing activator as previously described the mole ratio of the metal of the activator component to 
the transition metal component is preferably in the range of ratios between 0.3:1 to 3:1 . 

Polymerization Process of the Invention 

10 

[0042] The catalysts and catalyst systems of this Invention are suited for the polymerization of monomers and op- 
tionally comonomers in any polymerization process, gas or slurry, most preferably a gas phase process Is used. 
[0043] In the preferred embodiment, this invention is directed toward the slurry or gas phase polymerization or co- 
polymerization reactions involving the polymerization of one or more of the alpha-olefin monomers having from 2 to 

15 20 carbon atoms, preferably 2-12 carbon atoms. The Invention is particularly well suited to the copolymerizatlon reac- 
tions involving the polymerization of one or more of the monomers, for example alpha-olefin monomers of ethylene, 
propylene, butene-1, pentene-1, 4-methylpentene-1 , hexene-1, octene-1, decene-1, and cyclic olefins such as cy- 
clopentene, and styrene or a combination thereof. Other monomers can Include polar vinyl, diolefins such as dienes, 
polyenes, norbornene, norbornadiene, acetylene and aldehyde monomers. Preferably a copolymer of ethylene or pro- 

20 pylene is produced. Preferably the comonomer is an alpha-olefin having from 3 to 15 carbon atoms, preferably 4 to 12 
carbon atoms and most preferably 4 to 1 0 carbon atoms. In another embodiment ethylene or propylene is polymerized 
with at least two different comonomers to form a terpolymer and the like, the preferred comonomers are a combination 
of alpha-olefin monomers having 3 to 10 carbon atoms, more preferably 4 to 8 carbon atoms. 

[0044] In another embodiment ethylene or propylene is polymerized with at least two different comonomers to form 
25 a terpolymer and the like, the preferred comonomers are a combination of alpha-olefin monomers having 3 to 1 0 carbon 
atoms, more preferably 3 to 8 carbon atoms, optionally with at least one diene monomer. The preferred terpolymers 
include the combinations such as ethylene/butene-1 /hexene-1 , ethylene/propylene/butene-1 , propylene/ethylene/ 
butene-1, propylene/ethylene/hexene-1 or ethylene/propylene/norbomadiene. 

[0045] Typically in a gas phase polymerization process a continuous cycle is employed where in one part of the cycle 
30 of a reactor, a cycling gas stream, otherwise known as a recycle stream or fluidizing medium, is heated in the reactor 
by the heat of polymerization. This heat is removed in another part of the cycle by a cooling system external to the 
reactor. (See for example U.S. Patent Nos. 4,543,399, 4,588.790. 5,028,670, 5,352.749, 5,405,922 and 5.436.304.) 
[0046] Generally in a gas fluidized bed process for producing polymer from monomers a gaseous stream containing 
one or more monomers Is continuously cycled through a fluidized bed in the presence of a catalyst under reactive 
35 conditions. The gaseous stream Is withdrawn from the fluidized bed and recycled back Into the reactor. Simultaneously, 
polymer product is withdrawn from the reactor and new or fresh monomer Is added to replace the polymerized monomer. 
[0047] A slurry polymerization process generally uses pressures in the range of 1 to 50 atm (1 .01 3 to 50.66 bar) and 
even greater and temperatures In the range of 0®C to 200**C. In a slurry polymerization, a suspension of solid, particulate 
polymer is formed in a liquid polymerization medium to which ethylene and comonomers and often hydrogen along 
40 with catalyst are added. The liquid employed in the polymerization medium can be alkane or cyctoalkane, or an aromatic 
hydrocarbon such as toluene, ethylbenzene or xylene. The medium employed should be liquid under the conditions 
of polymerization and relatively inert. Preferably, hexane or isobutane Is employed. Non-limiting examples of slurry 
processes include loop or stirred tank processes. 

[0048] In one embodiment the reactor utilized in the present invention is capable of producing greater than 500 lbs/ 
45 hr (227 Kg/hr) to about 200,000 Ibs/hr (90,900 Kg/hr)or higher of polymer preferably greater than 1 000 Ibs/hr (455 Kg/ 
hr), more preferably greater than 10,000 Ibs/hr (4540 Kg/hr), even more preferably greater than 25,000 Ibs/hr (11,300 
Kg/hr), slill more preferably greater than 35,000 Ibs/hr (15,900 Kg/hr), slill even more preferably greater than 50,000 
Ibs/hr (22,700 Kg/hr) and most preferably greater than 65,000 Ibs/hr (29,000 Kg/hr) to greater than 100,000 Ibs/hr 
(45,500 Kg/hr). 

50 [0049] For the purposes of this patent specification and appended claims a "scavenger" Is any organometalllc com- 
pound which is reactive towards oxygen and/or water and/or polar compounds and which does not Include the catalyst 
components, for example, the motalloccnc catalyst component, the activator, the optional carrier or the components 
remaining in or on the catalyst used in its preparation, for example toluene including any organometallic compounds 
used in the catalyst preparation. Non-limiting examples of scavenger compounds are those represented by the general 

55 formula R^A, where A is a Group 12 or 13 element, each R, which can be the same or different, Is a substituted or 
unsubstituted, straight or branched chain alkyi radical, cyclic hydrocarbyl, alkyl-cyclohydrocarbyl radical, aromatic rad- 
ical or alkoxide radical, wherein n is 2 or 3. 

[0050] In another embodiment, the scavenger is a hydrocarbon aluminum compound of the formula AIR(3.a)Xa where 
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R is alkyi, cycloalkyl. aryl or a hydride radical. Each alkyt radical can be straight or branched chain having from I to 20 
carbon atoms, preferably 1 to 10 carbon atoms. X is a halogen or hydride for example chlorine, bromine or iodine, 
chlorine is prefen-ed: a is 0, 1 or 2. 

[0051] Illustrative, but non-limiting examples of such compounds of the above formula can include when M is alumi- 

5 num (Al) the tnalkyi aluminums such as trimethy! aluminum, triethyl aluminum, tri-n-propyl aluminum, tri-isopropyl alu- 
minum, tri-n-butyl aluminum, tri-sec-butyl aluminum, tri-t>butyl aluminum, triisobutyl aluminum, tri-n-pentyl aluminurr. 
tricyclopentyl aluminum, tri-n-hexyl aluminum, tri-(4-methylpentyl) aluminum, tri-(3-methyipentyl) aluminum and tricy- 
clohexyl aluminum :alkyl aluminums such as dimethylethyl aluminum, methyldiethyl aluminum, ethyldimethyl alumi- 
num, dimethyl-n-propyl aluminum, methyl di-n-propyl aluminum, dimethylisopropyl aluminum, dimethylcyclohexyl alu- 

fo minum and methylethylpropyi aluminum, aryl and alkyl-substituted aluminums, such as triphenyl aluminum, tri-p-tolyl 
aluminum, trim-tolyl aluminum and tri-p-ethyl aluminum. Other non-limiting examples of typical scavengers include 
dialkyi aluminum halides, for instance diethylaluminum chlorides, ethyl aluminum dichlorides. bromides and iodides 
and dialkyi aluminum sesquichlorides, bromides and iodides; aluminum alkoxides and aryloxides such as dimethyl 
aluminum methoxide, dimethyl aluminum ethoxide, diethyl aluminum ethoxide, diethyl aluminum isopropoxide, methyl 

^5 ethyl aluminum methoxide, dimethyl aluminum 4-methylphenoxide, dimethyl aluminum 3-methylphenoxide, dimethyl 
aluminum 2,6-diisopropylphenoxide, and dimethyl aluminum 2,6-di-t-butyl-4-methylphenoxide. 
[0052] A similar list of Illustrative Group 13 element compounds where M is boron could be made for the trialkyi 
boranes, alkyi boranes, and alkyi borane alkoxides. Also a similar list could be given for the analogous compounds of 
gallium and indium. Such list would be nearly identical lo thai already presented with respect to the aluminum species 

20 and therefore such listing of the borane analogues and other Group 13 elements analogues are not necessary to a 
complete disclosure. 

[0053] Scavengers typically preferred are those in the above fonnula wherein M is aluminum or boron. Of the alu- 
minum species of Group 1 3 element compounds, the most often used as scavengers are trialkylaluminums, and of the 
trlalkylaluminums the most preferred arc tricthylaluminum, triisobutyl aluminum and trimcthylaluminum. 
25 [0054] Other specific scavengers include such organometallic compounds for example, BX3 where X is a halogen, 
R^RgMg, ethyl magnesium, R4CORMg, RCNR, ZnRg, CdRg, LiR, SnR4 where R are hydrocarbon groups that could 
be the same or different. 

[0055] Other organometallic compounds useful as scavengers include those compounds of Group 1 , 2, 3 and 4 
organometallic alkyls, alkoxides, and halides. The preferred organometallic compounds are lithium alkyls, magnesium 

30 or Zinc alkyls, magnesium alkyi halides. aluminum alkyls. silicon alkyi, silicon alkoxides and silicon alkyi halides. The 
more preferred organometallic compounds useful as scavengers are aluminum alkyls and magnesium alkyls. The most 
preferred organometallic compounds useful as scavengers are aluminum alkyls. for example, triethylaluminum (TEAL), 
trimethylaluminum (TMAL), tri-isobutylaluminum (TIBAL) and tri-n-hexylaluminum (TNHAL) and diethyl aluminum chlo- 
ride (DEAC)and the like. TEAL being the most widely used scavenger. 

35 [0056] In embodiment of the process of the invention the process is substantially free of a scavenger. For the purposes 
of this patent specification and appended claims the temri "substantially free" is defined to be that during the process 
of the invention no more than 50 ppm of a scavenger based on the total weight of a fluldized bed is present at any 
given point in time during the process of the invention. 

[0057] In embodiment of the process of the invention the amount of the scavenger within the reactor is preferably 
40 less than 30 ppm, more preferably less than 20 ppm, even more preferably less than 10 ppm and most preferably in 
the range of from 0 to 15 ppm. 

[0058] In one embodiment during reactor start-up to remove impurities and ensure polymerization is initiated, a scav- 
enger is present in an amount less than 300 ppm, preferably less than 250 ppm, more preferably less than 200 ppm, 
even more preferably less than 150 ppm, still more preferably less than 100 ppm, and most preferably less than 50 
ppm based on the total bed weight of a fluidized bed during the first 12 hours from the time the catalyst Is placed into 
the reactor, preferably up to 6 hours, more preferably less than 3 hours, even more preferably less than 2 hours, and 
most preferably less than 1 hour and then the introduction of the scavenger is halted. 

[0059] In another embodiment of the process of the invention during start-up the scavenger is present in an amount 
sufficient until the catalyst of the invention has achieved a catalyst productivity 40 percent of that of steady-state, 
50 preferably less than 30 percent, even more preferably less than 20 percent and most preferably less than 1 0 percent. 
For the purposes of this patent specification and appended claims "steady state" Is the production rate, weight of 
polymer being produced per hour. 

[0060] The productivity of the catalyst or catalyst system is influenced by the main monomer, (i.e., ethylene or pro- 
pylene) partial pressure. The preferred mole percent of the monomer, ethylene or propylene, is from 25 to 90 mole 
55 percent and the monomer partial pressure is in the range of from about 75 psia (517 kPa) to 300 psia (2069 kPa), 
which are typical conditions in a gas phase polymerization process. 

[0061] When a scavenger is utilized in the process of the invention the scavenger can be introduced typically into 
the reactor directly or indirectly into the recycle stream or into any external means capable of introducing the scavenger 
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into the embodiment the scavenger can be introduced once, intermittently or continuously to the reactor system 
[0062] The scavenger used in the process of the invention is introduced to the reactor at a rate equivalent to 1 0 ppm 
to 100 ppm based on the steady state, production rate, and then scavenger introduction Is stopped, 
[0063] In yet another embodiment particularly during start-up the scavenger when used is introduced at a rate suf- 
5 ficient to provide an increase in catalyst productivity on a weight ratio basis of a rate of 200 grams of polymer per gram 
of catalyst per minute, preferably at a rate of 300, even more preferably at a rate of 400 and most preferably at a rate 
of 500. 

[0064] In another embodiment, the mole ratio of the metal of the scavenger to the transition metal of the metallocene 
catalyst component equals about, about 0.2 multiplied by the ppm of a scavenger based on the production rate multi- 
10 plied by the catalyst productivity in kilograms of polymer per gram of catalyst. The range of the mole ratio is from about 
300 to 1 0. In a preferred embodiment, where an alkyi aluminum is used as the scavenger the mole ratio is represented 
as aluminum (Al) to transition metal, for example, zirconium, where the moles of Al are based on the total amount of 
scavenger used. 

[0065] It is also preferred that hydrogen not be added to the system simultaneously with the scavenger. It is also 
15 within the scope of this invention that the scavenger can be introduced on a carrier separate from that used when a 
supported metallocene catalyst system is used in the process of the invention. 

[0066] It has been discovered that fouling is influenced by the presence of primarily volatile low molecular weight 
olefinic oligomers. These oligomers are generally even numbered carbon molecules having a molecular weight less 
than 1000 making up aboul less than or equal lo 1 weight percent of the polymer. Hydrocarbon oligomers up to ap- 

20 proximately 30 carbon atoms can be measured by ordinary techniques in the art using a short path thermal desorption 
unit Model TD-2 from Scientific Instrument Services, Ringoes, New Jersey Interfaced to a Hewlett-Packard 5890 GC 
equipped with a boiling point capillary column (DB-5) and a Hewlett Packard 5970 mass selective detector. For the 
detection method a simple fraction/wt% olefin measurement procedure as is well known In the art is used. 
[0067] In one embodiment the ratio of the weight percent of olefin oligomers to the weight percent of the aliphatic 

25 oligomers as measured in the polymer product should be In the range of from about 0 to 25, preferably from 0 to 20, 
more preferably from 0 to 10 and most preferably from 0 to 5. 

[0068] It has also been discovered that by reducing the amount of scavenger introduced into the reactor environment, 
which includes the reactor and its external systems and piping the total number of olefinic or unsaturated oligomers is 
greatly reduced with some reduction in the aliphatic or saturated oligomers. 
30 [0069] In one embodiment of the invention the process, preferably a gas phase process, is operated such that the 
weight fraction of olefinic hydrocarbon oligomers having less than or equal to 30 carbon atoms is less than 0.06 in the 
polymer product. 

[0070] It is within the scope of the invention that a system external to the reactor for removing scavengers introduced 
in the process of the invention from the recycle stream may be used or that thefluidizing medium is treated to remove 
35 the scavenger, see for example U.S. Patent No. 4,460,755. 

[0071] In another embodiment, the scavenger is Introduced in a sufficient amount such that the total unsaturated 
C30 or less, preferably 0^4 to C^g oligomers are less than 50 ppm in the polymer product, preferably less than 40 ppm 
or 30 ppm, even more preferably less than 20 ppm, and most preferably less than 10 ppm. 

[0072] Fines for the purpose of this patent specification and appended claims are polymer particles less than 125 |x 
(0.0125cm) in size. Fines of this size can be measured by using a standard 120 mesh unit sieve screen. In a preferred 
embodiment the level of fines less than 125 \x (0.0125cm) is less than 10%, preferably less than 1 %, more preferably 
less than 0.85% to less than 0.05%. 

[0073] It is within the scope of the invention that a system external to the reactor for removing scavengers introduced 
In the process of the Invention from the recycle stream may be used. This would then prevent the recycle of the scav- 
enger back Into the reactor and prevent scavenger build-up in the reactor system. It Is preferred that such a system is 
placed prior to the heat exchanger or compressor in the recycle stream line. It is contemplated that such a system 
would condense the scavenger out of the fluidizing medium in the recycle stream line. It would be preferred thai the 
fluidizing medium is treated to remove the scavenger, see for example U.S. Patent No. 4,460,755. 
[0074] It Is also contemplated by the process of the invention that scavenger can be intermittently Introduced during 
so the process wherein greater than 90%, preferably greater than 95% of ail the scavenger introduced is removed from 
the recycle stream. 

[0075] It is also contemplated by this invention that the catalyst or catalyst system or components thereof of the 
invention can be used upon start-up as a scavenger, however, this would be an expensive procedure. 
[0076] in the most preferred embodiment of the invention the process is a gas phase polymerization process oper- 
55 ating in a condensed mode. For the purposes of this patent specification and appended claims the process of purpose- 
fully introducing a recycle stream having a liquid and a gas phase into a reactor such that the weight percent of liquid 
based on the total weight of the recycle stream is greater than about 2.0 weight percent Is defined to be operating a 
gas phase polymerization process in a "condensed mode". 
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[0077] In one embodinnent of the process of the invention the weight percent of liquid in the recycle streann based 
on the total weight of the recycle streann is in the range of 2 to 50 weight percent, preferably greater than 10 weight 
percent and nnore preferably greater than 15 weight percent and even more preferably greater than 20 weight percent 
and most preferably In the range between 20 and 40 percent. However, any level of condensed can be used depending 

5 on the desired production rate. 

[0078] In another embodiment of the process of the invention the amount of scavenger utilized if any is used should 
be in a mole ratio less than 100, preferably less than 50, more preferably less than 25 based on the mole ratio of the 
metal of the transition metal of the scavenger to the transition metal of the metallocene where the scavenger is an 
aluminum containing organometallic compound and the transition metal of the metallocene is a Group 4 metal then 

10 the mole ratio above is based on the moles of aluminum to the moles of the Group 4 metal of the catalyst. 

[0079] Fouling is a term used to describe the collection of polymer deposits on surfaces in a reactor. Fouling is 
detrimental to all parts of a polymerization process, including the reactor and its associated systems, hardware, etc. 
Fouling is especially disruptive in areas restricting gas flow or liquid flow. The two major areas of primary concern are 
the heat exchanger and distributor plate fouling. The heat exchanger consists of a series of small diameter tubes 

15 arranged in a tube bundle. The distributor plate is a solid plate containing numerous small diameter orifices through 
which the gas contained in a recycle stream is passed through before entering the reaction zone or distributed into a 
bed of solid polymer in a fluidized bed reactor such as described in U.S Patent No. 4,933,149. 

[0080] Fouling manifests itself as an increase in the pressure drop across either the plate, cooler, or both. Once the 
pressure drop becomes loo high, gas or liquid can no longer be circulated efficienlly by the compressor, and it is often 
20 necessary to shut the reactor down. Cleaning out the reactor can take several days and is very time consuming and 
costly. Fouling can also occur in the recycle gas piping and compressor, but usually accompanies plate and cooler 
fouling. 

[0081] To quantify the rate of fouling it is useful to define a fouling factor, F. F is the fraction of the area of a hole that 
is fouled. If F=0 (0%) then there is no fouling. Conversely, If F=1 (100%) the hole is completely plugged. It is possible 
25 to relate the fouling to the pressure drop, AR at a given time in terms of the pressure drop of a clean system, APq- As 
fouling increases AP increases and is larger than the initial pressure drop, APq- F is given by the following expressions: 

(I) Plate Fouling 




(II) Cooler Fouling 

35 



APj 



40 [0082] In general, when F is greater than about 0.3 to about 0.4 (30-40%) a reactor shutdown is inevitable. Preferably, 
F is less than 40 %, preferably less than 30 %, even more preferably less than 20 %, still more preferably less than 
15 % and most preferably less than 1 0 % to 0%. The rate of fouling, the change in F as a function of time, is used to 
quantify fouling. If no fouling occurs the rate of fouling is zero. A minimum acceptable rate of fouling for a commercial 
operation is about 12 percent/month or 0.4 percent/day, preferably less than 0.3 percent/day, even more preferably 

45 less than 0.2 percent/day and most preferably less than 0.1 percent/day. 

EXAMPLES 

[0083] In order to provide a better understanding of the present invention including representative advantages and 
so limitation thereof, the following examples are offered. 

[0084] The properties of the polymer were determined by the following test methods: 
[0085] Melt Index is measured in accordance with ASTM-D-128-Condition E. 
[0086] Density is measured in accordance with ASTM-D-1238. 

[0087] Bulk Density is measured as follows; the resin is poured via a 7/8" diameter funnel into a fixed volume cylinder 
55 of 400 cc; the bulk density is measured as the weight of resin in the cylinder divided by the 400 cc to give a value in g/cc. 
[0088] Particle size is determined as follows; the particle size is measured by determining the weight of the material 
collected on a series of U.S. Standard sieves and determining the weight average particle size. 
[0089] Fines are defined as the percentage of the total distribution passing through 120 mesh standard sieve. 
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COMPARATIVE EXAMPLE 1 



[0090] Operation using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadienyl) zirconium dichlo- 
ride is described in this example. It shows the fouling effect of operating a commercial reactor using TEAL. This example 
includes information from a startup of a commercial reactor on metallocene catalyst. 



Catalyst Preparation 

[0091] The metallocene catalyst was prepared from silica dehydrated at 600**C. The catalyst was a commercial scale 
10 catalyst prepared in a mixing vessel with and agitator. An initial charge of 1156 pounds (462 Kg) toluene was added 
to the mixer. This was followed by mixing 925 pounds (421 Kg) of 30 percent by weight methyl aluminoxane in toluene. 
This was followed with 100 pounds (46 Kg) of 20 percent by weight bis(1 ,3-methyl-n-butyl cyclopentadienyl) zirconium 
dichloride in toluene (20.4 pounds (9.3 Kg) of contained metallocene). An additional 144 pounds (66 Kg) of toluene 
was added to the mixer to rinse the metallocene feed cylinder and allowed to mix for 30 minutes at ambient conditions. 
15 This was followed by 54.3 pounds (25 Kg) of an AS-990 in toluene, surface modifier solution, containing 5.3 pounds 
(2.4 Kg) of contained AS-990. An additional 1 00 pounds (46 Kg) of toluene rinsed the surface modifier container and 
was added to the mixer The resulting slurry was vacuum dried at 3.2 psia (70.6kPa) at 1 75 **F (79 *C) to a free flowing 
powder. The final catalyst weight was 1093 pounds (497 Kg). The catalyst had a final zirconium loading of 0.40% and 
an aluminum loading of 12.0%. 

20 

Polymerization 



[0092] The polymerization was conducted in a commercial scale continuous gas phase fluidized bed reactor. The 
fluidizcd bed is made up of polymer granules. The gaseous feed streams of ethylene hydrogen arc introduced bolow 

25 the reactor bed into the recycle gas line. Hexene comonomer is introduced below the reactor bed in a separate line to 
the recycle gas line. An inert hydrocarbon such as isopentane is also introduced to the reactor in the recycle gas line. 
The isopentane is added to provide additional heat capacity to the reactor recycle gases. The individual flow rates of 
ethylene, hydrogen and comonomer were controlled to maintain fixed composition targets. The ethylene concentration 
was controlled to maintain a constant hydrogen to ethylene ratio. The concentration of the gases were measured by 

30 an on-line gas chromatograph to ensure relatively constant composition in the recycle gas stream. TrI-ethyl aluminum 
(TEAL) as 20 percent by weight solution in isopentane carrier solvent was introduced above the fluidized bed distributor 
plate directly into the fluidized bed. 

[0093] The solid catalyst was injected directly into the fluidized bed using purified nitrogen. The catalyst rate was 
adjusted to maintain a constant production rate. The reacting bed of growing polymer particles is maintained in a 
35 fluidized state by a continuous flow of the make up feed and recycle gas through the reaction zone. The reactor was 
operated at a total pressure of 310 psig (2138kPa). To maintain a constant reactor temperature, the temperature of 
the recycle gas in continuously adjusted up or down to accommodate any changes in the rate of heat generation due 
to the polymerization. 

[0094] The fluidized bed was maintained at a constant height by withdrawing a portion of the bed at a rate equal to 
^0 the fonnation of the particulate product. The product is removed semi-continuously via a series of valves into a fixed 
volume vessels. These fixed volume vessels are vented back to the reactor through a recycle gas compressor which 
recovers reactor gases. The product is transferred to a purger vessel to remove entrained hydrocarbons and treated 
with humidified nitrogen to deactivate the residual catalyst. 

^5 Experimental Results 

[0095] The experimenlal run conditions that demonstrated fouling in a commercial gas phase reactor are described 
below. This experiment was run as the reactor started up from no reaction. TEAL was fed continuously to the reactor 
for this experiment. The run lasted 18 hours before the run was terminated due to reactor distributor plate and cooler 
so fouling. 



TABLE 1 



RUN CONDITIONS 


Temperature (°C) 


75.5 


Pressure (bar) 


21.4 


Ethylene (mole %) 


34.5 
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TABLE 1 (continued) 



RUN CONDITIONS 


Hydrogen (mole ppm) 


60 


Hexene (mole %) 


0.72 


TEAL Concentration (ppm) 


75 


Bed Weight (Kg) 


61250 


Production Rate (Kg/Hr) 


10000 


Catalyst Productivity (Kg/Kg) 


3300 


Rosin Bulk Density (g/cc) 


0,42 


Average Particle Size (microns) 


835 (0.0835 cm) 


Fines [% less than 120 microns (1 .2x10-5 cm)] 


0.2 


Cooler Fouling Rale (%/day) 


16 


Plate Fouling Rate (%/day) 


16 



20 

[0096] Pilot plant examples in the following are comparative. 
COMPARATIVE EXAMPLE 2 

25 [0097] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 .3-methyl-n-butyl cyciopentadi- 
enyl) zirconium dichloride is described in this example. It shows the effect on fouling of operation at two different 
temperatures using the same catalyst described above. 

Catalyst Preparation 

30 

[0098] The metallocene catalyst was Identical to that of Example 1 . 
Polymerization 

35 [0099] The polymerization was conducted In a continuous gas phase fiuidized bed reactor. The fluidized bed is made 
up of polymer granules. The gaseous feed streams of ethylene and hydrogen together with liquid comonomer were 
mixed together in tee arrangement and introduced below the reactor bed into the recycle gas line. Hexene was used 
as comonomer. Tri-ethyl aluminum (TEAL) was mixed with this stream as a 1% by weight solution in isopentane carrier 
solvent. The individual flow rates of ethylene, hydrogen and comonomer were controlled to maintain fixed composition 

40 targets. The ethylene concentration was controlled to maintain a constant ethylene partial pressure. The hydrogen was 
controlled to maintain a constant hydrogen to ethylene mole ratio. The concentration of all the gases was measured 
by an on-line gas chromatograph to ensure relatively constant composition in the recycle gas stream. 
[0100] The solid catalyst was injected directly into the fluidized bed using purified nitrogen as a carrier. Its rate was 
adjusted to maintain a constant production rate. The reacting bed of growing polymer particles is maintained in a 

45 fluidized state by the continuous flow of the make up feed and recycle gas through the reaction zone. A superficial gas 
velocity of 1 -3 ft/sec was used to achieve this. The reactor was operated at a total pressure of 300 psig. To maintain 
a constant reactortemperature, the temperature of the recycle gas is continuously adjusted up or down to accommodate 
any changes in the rate of heat generation due to the polymerization. 

[0101] The fluidized bed was maintained at a constant height by withdrawing a portion of the bed at a rate equal to 
so the rate of formation of particulate product. The product is removed semi-continuously via a series of valves into a 
fixed volume chamber, which is simultaneously vented back to the reactor. This allows for highly efficient removal of 
the product, while at the same time recycling a large portion of the unreacted gases back to the reactor. This product 
is purged to remove entrained hydrocarbons and treated with a small stream of humidified nitrogen to deactivate any 
trace quantities of residual catalyst. 

55 

Results 

[0102] The reactor was at steady state producing a 1 melt index and 0.917 density ethyl en e/hexene copolymer. Run 
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TABLE 2 



10 



15 



20 



25 



Run Conditions 


Temperature ("C) 


71 


91 


Pressure (bar) 


21.7 


21.7 


Ethylene (nnole %) 


35.0 


35.0 


Hydrogen (nnole ppm) 


53 


55 


Hexene 


0.70 


0.86 


TEAL Concentration (ppm) 


98 


107 


Bed Weight (Kg) 


227 


225 


Production Rate (Kg/Hr) 


54 


54 


Catalyst Productivity (Kg/Kg) 


1900 


2640 


Bulk Density (g/cc) 


0.42 


0.41 


Average Particle Siz:e (microns) 


701 


771 


Fines [% less than 120 microns) 


0.96 


0.77 


Cooler Fouling Rate (%/day) 


1 .51 


2.60 


Plate Fouling Rate (%/day) 


0,65 


1.18 



30 



35 



40 



45 



SO 



[0103] These results show high rates of fouling on both the cooler and plate, well beyond the minimum acceptable 
rale of 0.47o/day. The rate of fouling is higher at higher temperature. 

COMPARATIVE EXAMPLE 3 

[0104] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadi- 
enyl) zirconium dichloride is described In this example. It shows the effect on fouling of operation at two different 
temperatures using the same catalyst described above. It Is operated at higher ethylene partial pressure as compared 

to Example 2. 

Catalyst Preparation 

[0105] The metallocene catalyst was identical to that of Example 1 . 
Polymerization 

[01 06] The polymerization was conducted in a continuous gas phase fluidized bed reactor as described in Example 2. 
Results 

[01 07] The reactor was at steady state producing a 1 melt index and 0.917 density ethylene/hexene copolymer. Run 
conditions were as follows: 

TABLE 3 



55 



Run Conditions 


Temperature ('C) 


72 


88 


Pressure (bar) 


21.7 


21.7 


Ethylene (mole %) 


60.0 


59.0 


Hydrogen (mole ppm) 


85 


84 
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TABLE 3 (continued) 



Run Conditions 


Hexene 


1.27 


1 .41 


TEAL Concentration (ppm) 


92 


92 


Bed Weight (Kg) 


227 


226 


Production Rate (Kg/Hr) 


53 


57 


Catalyst Productivity (Kg/Kg) 


3730 


5920 


Bulk Density (g/cc) 


0.44 


0.42 


Average Particle Size (microns) 


842 


990 


Fines (% less than 120 microns) 


0.85 


0.85 


Cooler Fouling Rate (%/day) 


1.63 


2.65 


Plate Fouling Rale (%/day) 


1.12 


1.91 



[0108] These results show high rates of fouling on both the cooler and plate^ well beyond the minimum acceptable 
rate of 0.4%/day. The rate of fouling is higher at higher temperature. Cooler fouling rate Is not affected by the ethylene 
partial pressure, however the plate fouling rate is higher at the higher ethylene concentration, when compared to Ex- 
ample 2. 



EXAMPLE 4 

[0109] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadi- 
enyl) zirconium dichloride is described in this example. II shows the effecl on fouling of operation at lower TEAL con- 
centration. 

Catalyst Preparation 

[0110] The metallocene catalyst was identical to that of Example 1 . 
Polymerization 

[01 1 1 ] The polymerization was conducted in a continuous gas phase f luidized bed reactor as described in Example 2. 



Results 

[01 12] The reactor was at steady state producing a 1 melt index and 0.91 7 density ethylene/hexene copolymer. Run 
conditions were as follows: 



TABLE 4 



Run Conditions 


Temperature (**C) 


79 


Pressure (bar) 


21.7 


Ethylene (mole %) 


60.0 


Hydrogen (mole ppm) 


85 


Hexene 


1.28 


TEAL Concentration (ppm) 


29 


Bed Weight (Kg) 


227 


Production Rate (Kg/Hr) 


51 


Catalyst Productivity (Kg/Kg) 


5360 
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TABLE 4 (continued) 



Run Conditions 


Bulk Density (g/cc) 


0.44 


Average Particle Size (microns) 


960 


Fines (% less than 120 microns) 


0.57 


Cooler Fouling Rate (%/day) 


1.24 


Plate Fouling Rate (%/day) 


1.35 



[01 13] These results show reduced rates of fouling on both the cooler and plate as compared to Example 3. However, 
It was still well beyond the minimum acceptable rate of 0.4%/day. 

'5 EXAMPLE 5 

[0114] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-buty! cyclopentadl- 
enyl) zirconium dichlonde is described In this example. It shows the effect on fouling of operation at zero TEAL con- 
centration. 

Catalyst Preparation 

[0115] The metallocene catalyst was identical to that of Example 1 . 
Polymerization 

[0116] The polymerization was conducted In a continuous gas phase fluidlzod bed reactor as described in Example 2. 
Results 

[0117] The reactor was at steady state producing a 1 melt index and 0.91 7 density hexene copolymer. Run conditions 
were as follows: 



TABLE 5 



Run Conditions 


Temperature (^'C) 


79 


Pressure (bar) 


21.7 


Ethylene (mole %) 


60.0 


Hydrogen (mole ppm) 


84 


Hexene 


1.23 


TEAL Concentration (ppm) 


0 


Bed Weight (Kg) 


226 


Production Rate (Kg/Hr) 


50 


Catalyst Productivity (Kg/Kg) 


5310 


Bulk Density (g/cc) 


0.45 


Average Parlicle Size (microns) 


966 


Fines (% less than 120 microns) 


0.66 


Cooler Fouling Rate (%/day) 


0.86 


Plate Fouling Rate (%/day) 


0.54 



[0118] These results show the lowest rates of fouling on both the cooler and plate as compared to the previous 
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20 



25 



30 



35 
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45 
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examples. However, it was still slightly above the minimum acceptable rate of 0.4%/day. This was due to the tact that 
Examples 2-5 were all conducted during the same polymerization run. The results with no aluminum alkyi were obtained 
at the very end of the run on a badly fouled reactor. Given this rather severe constraint, this result shows that the rate 
of fouling was still significantly reduced. 

EXAMPLE 6 

[0119] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadi- 
enyl) zirconium dichloride is described in this example. It shows the effect on fouling of operation at zero TEAL con- 
centration. The reactor was started up with TEAL which was quickly removed after a few hours of operation. Reactor 
conditions were chosen to match those which had the highest rate of fouling (See Example 3). 

Catalyst Preparation 

[0120] The metallocene catalyst was identical to that of Example 1 . 
Polymerization 

[0121] The polymerization was conducled in a continuous gas phase fluidized bed reactor as described in Example 2. 
Results 

[01 22] The reactor was at steady state producing a 1 melt index and 0.917 density hexene copolymer. Run conditions 
were as follows: 

TABLE 6 



Run Conditions 


Temperature (''C) 


85 


Pressure (bar) 


21.7 


Ethylene (mole %) 


60.0 


Hydrogen (mole ppm) 


102 


Hexene 


1.26 


TEAL Concentration (ppm) 


0 


Bed Weight (Kg) 


113 


Production Rate (Kg/Hr) 


28 


Catalyst Productivity (Kg/Kg) 


4580 


Bulk Density (g/cc) 


0.39 


Average Particle Size (microns) 


946 


Fines (% less than 1 20 microns) 


0.15 


Cooler Fouling Rate (%/day) 


0.0 


Plate Fouling Rate (%/day) 


0.2 



[0123] These results show the lowest rates of fouling on both the cooler and plate of all the examples. The fouling 
rate was well below the minimum acceptable rate of 0.4Wday. The reactor was opened after this run and inspected. 
Bare metal surfaces were observed on both the plate and cooler. In contrast, the reactor was found to contain heavy 
polymer build-up in both the cooler and plate in the previous examples. 

EXAMPLE 7 

[0124] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadi- 
enyl) zirconium dichloride is described in this example. It shows the importance of using an aluminum aikyi during the 
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start-up of the reactor. TrI-methyl aluminum (TMA), a more volatile and reactive aluminum alkyi, was used. 
Catalyst Preparation 
5 [0125] The metallocene catalyst was identical to that of Example 1 . 
Polymerization 

[0126] The polymerization was conducted In a continuous gas phase fluidized bed reactor as described in Example 2. 

10 

Results 

[0127] The reactor was pressure purged to remove all traces of oxygen and moisture for several hours. Reactor 
conditions were established as specified in the table below. The reactor was pre-treated with 1 50 ppm by weight of TMA. 

15 

TABLE 7 



20 



25 



Run Conditions 


Temperature (**C) 


79 


Pressure (bar) 


21.7 


Ethylene (mole %) 


50.0 


Hydrogen (mole ppm) 


85 


Hexene 


1.0 


Bed Weight (Kg) 


113 



[0128] No TMA was fed to the reactor. Catalyst was started. It was continuously fed at an Increasing rate for five 
hours. At this point a TMA solution in isopentane was introduced at a rate of 150 cc/hr. Reaction commenced rather 
30 vigorously and in an uncontrolled fashion after 60 minutes. The TMA feed was stopped and the reaction began to fall 
off. TMA was re-introduced and reaction was again initiated in an uncontrolled fashion. This "spiking" of TMA was 
continued for several hours until the reaction was able to sustain itself without TMA. 

EXAMPLE 8 

35 

[0129] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadl- 
enyf) zirconium dichloride Is described in this example. It shows the importance of using an aluminum alkyI during the 
start-up of the reactor. It also demonstrates the successful termination of the aluminum alkyI feed rate while maintaining 
the catalyst activity. 

40 

Catalyst Preparation 

[0130] The metallocene catalyst was identical to that of Example 1 . 
Polymerization 

[0131] The polymerization was conducted In a continuous gas phase fluidized bed reactor as described In Example 2. 
Results 

50 

[0132] The reactor was pressure purged to remove all traces of oxygen and moisture for several hours. Reactor 
conditions were established as specified in the table below. The reactor was not pre-treated with scavenger. 





TABLE 8 




55 


Run Conditions 




Temperature (®C) 


79 




16 
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TABLE 8 (continued) 



Run Conditions 


Pressure (bar) 


21.7 


Ethylene (mole %) 


50.0 


Hydrogen (mole ppm) 


185 


Hexene 


1-2 


Bed Weight (Kg) 


227 



[0133] TEAL was added as an isopentane solution as the feed gases were introduced to attain the above concen- 
trations together with the catalyst. Reaction was noted immediately upon introduction of catalyst. Feed of the TEAL 
was continued until 25% of the expected production rate was achieved. The TEAL feed was terminated and the reaction 
continued to proceed until full production rate was attained. TEAL was fed for only 95 minutes with the catalyst. Full 
reaction rate was achieved after four hours in the absence of TEAL. 

[0134] This result shows the importance of a scavenger, herein an aluminum alkyL to initiate reaction. It also shows 
the ability to remove the TEAL and sustain the reaction once it is initiated. 

EXAMPLE 9 

[0135] Examples 9A Ihrough 9E illuslrale Ihe eFfecL of TEAL concenlralion, in a batch slurry polymeri^alion reaclon 
on metallocene catalyst activity. All polymerizations were carried out as described below with the appropriate amount 
of TEAL shown in Table 1 for each example. 

25 

Catalyst Preparation 

[0136] Into a 2 gallon reactor were charged first 1.1 liters of toluene then 0.93 liters of 30 wt% MAO solution in toluene 
available from Albermarle, followed by 20.1 g of bls(1 ,3-methyl-n-butyl cyclopentadienyl) zirconium dichloride as a 

^0 1 0% solution in toluene. The mixture was stirred for 30 minutes at room temperature after which 350 g of silica (Davison 
MS948 dehydrated at 600*C) was added to the liquid with slow agitation. Stirring speed was increased for approximately 
1 0 minutes to insure dispersion of the silica into the liquid and then 2 portions of 1 75 g of additional silica were added 
at slow agitation followed by increased stirring. After all of the silica (700 g) was introduced to the reactor 0.6 liters of 
toluene was added to malce up a slurry of liquid to solid having a consistency of 4 cc/g of silica. Mixing was continued 

55 for 15 minutes at 120 rpm after which 5 g of surface modifier AS-990 (available from WItco Chemical Corporation, 
Houston, Texas) was dissolved in 1 00 cc of toluene and was added and stirred for 15 minutes. Drying was then initiated 
by vacuum and some purge at 1 75°F (79.4°C). When the catalyst appeared to be free flowing it was cooled down 
and discharged into a nitrogen purged vessel. Approximate yield of 1 .0 k of dry catalyst was obtained. 

Polymerization 

[0137] Into a 2 liter autoclave reactor under a nitrogen purge were charged the appropriate amount of triethylaluml- 
num (TEAL), followed by 60 cc of hexene-1 comonomer and 800 cc of isobutane diluent. The content of the reactor 
was healed to 80°C after which 1 00 mg of catalyst was introduced concun-ently with ethylene to make up a total reactor 
pressure of 325 psig (2241 kPag). The reactortemperature was maintained at 85*C and the polymerization was allowed 
to proceed for 40 min. After the 40 minutes the reactor was cooled, ethylene was vented off and the polymer dried and 
weighed to obtain the yield. Table 9 provides the yield and activity data. 



TABLE 9 



SO 



Example 


TEAL Amount (cc) 


Mole Ratio of Ai to Zr 


Yield (g) 


Activity (gPE/gCat h) 


9A 


0.3 


100 


130 


1950 


9B 


0.15 


50 


154 


2310 


9C 


0.08 


25 


170 


2550 


9D 


0.04 


12.5 


76 


1140 


9E 


0 


0 


0 


0 
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[0138] Since the scavenger is TEAL and the transition metal of the metallocene is 7irconium (Zr) the nnole ratio for 
this table is expressed as AI:Zr. 

[0139] The above example 9 illustrates that a certain level of scavenger in this example TEAL was needed in the 
polymenzation reactor to remove impurities. Above a certain level the scavenger acts as a poison to the catalyst as 
5 can be seen by the reduction in activity. 

EXAMPLE 10 

[0140] Operation of a pilot plant reactor using a metallocene catalyst based on bis(1 ,3-methyl-n-butyl cyclopentadi- 
10 enyl) zirconium dichloride is described in this example. It shows the effect of operating the process of the invention 
without TEAL on the film quality as reflected by the gel content in the films made in the process of the invention. Gels 
refer to the inclusion of small, highly visible regions in the film, typically containing a higher molecular weight and/or 
higher density as compared to the base polymer. 

15 Catalyst Preparation 

[0141] The metallocene catalyst was identical to that of Example 1 . 

Polymerization 

20 

[0142] The polymerizations, Run 1 A and 1B, were conducted in a continuous gas phase fluidized bed reactor as 
described in Example 2. 

Results 

25 

[0143] The reactor was at steady state producing a 1 melt index and 0.91 7 density ethylene/ hexene copolymer. Run 
conditions were as follows: 



TABLE 10 



30 



35 



Run Condition 


RUN 1A 


RUN 18 


Temperature (°C) 


79 


79 


Pressure (bar) 


21.7 


21.7 


Ethylene (mole %) 


59.0 


50.0 


Hydrogen (mole ppm) 


84 


215 


Hexene 


1.4 


1.1 


TEAL Concentration (ppm) 


92 


0 



40 

[0144] The film of Run IB was substantially free of occlusions, whereas the film of Run 1A had a large number of 
small occlusions, "sandpaper like" in appearance. Typically commercially useful films contain only a minor amount of 
gels. In this example film was made from polymer produced with the scavenger, TEAL, in the reactor, once the TEAL 
flow to the reactor was halted, the film appearance improved significantly from a commercially unacceptable film to a 
^5 film having excellent clarity, particularly for use in stretch films. 

EXAMPLE 11-16 

Preparation Of Catalyst 

50 

[0145] The metallocene catalyst was prepared from 800 lbs (364 kg) of silica (Davison 948) dehydrated at 600 *C. 
The catalyst was a commercial scale catalyst prepared in a mixing vessel with and agitator. An initial charge of 1156 
pounds(525 kg) toluene was added to the mixer. This was followed by mixing 925 pounds (420 kg) of 30 percent by 
weight methyl alumoxane in toluene. This was followed with 1 00 pounds (46 kg) of 20 percent by weight bis(1 ,3-methyl- 
55 n-butyl cyclopentadienyl) zirconium dichloride in toluene (20.4 pounds (9.3 kg) of contained metallocene). An additional 
144 pounds (66 kg) of toluene was added to the mixer to rinse the metallocene feed cylinder and allowed to mix for 
30 minutes at ambient conditions. The above mixture Was added to the silica after which 54.3 pounds (25 kg) of a 
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Kemamine AS-990 in toluene, surface modifier solution, containing 5.3 pounds (2.4 kg) of contained Kemamine AS- 
990. An additional 100 pounds (46 kg) of toluene rinsed the surface modifier container and was added to the nnixer. 
The resulting slurry was vacuum dried at 3.2 psia (70.6 kPa) at 1 75**F (79**C) to a free flowing powder. The final catalyst 
weight was 1 093 pounds (497 kg). The catalyst had a final zirconium loading of 0.40 wt% and an aluminum loading of 
5 12.0 wt%. 



Polymerization 



[01 46] The polymerization was conducted in a continuous gas phase f luidized bed reactor. The fluidized bed is made 
10 up of polymer granules. The gaseous feed streams of ethylene and hydrogen together with liquid comonomer were 
mixed together in a tee arrangement and introduced below the reactor bed into the recycle gas line. Hexene was used 
as comonomer Tri-ethyl aluminum (TEAL) was mixed with this stream as a 1% by weight solution in isopentane carrier 
solvent. The individual flow rates of ethylene, hydrogen and comonomer were controlled to maintain fixed composition 
targets. The ethylene concentration was controlled to maintain a constant ethylene partial pressure. The hydrogen was 
15 controlled to maintain a constant hydrogen to ethylene mole ratio. The concentration of all the gases were measured 
by an on-line gas chromatograph to ensure relatively constant composition In the recycle gas stream. 
[0147] The solid catalyst was injected directly into the fluidized bed using purified nitrogen as a carrier Its rate was 
adjusted to maintain a constant production rate. The reacting bed of growing polymer particles is maintained In a 
fluidized stale by Ihe continuous flow of the make up feed and recycle gas through Ihe reaction zone. A superficial gas 
20 velocity of 1-3 ft/sec was used to achieve this. The reactor was operated at a total pressure of 300 psig. To maintain 
aconstant reactor temperature, the temperature of the recycle gas Is continuously adjusted up ordownto accommodate 
any changes in the rate of heat generation due to the polymerization. 

[0148] The fluidized bed was maintained at a constant height by withdrawing a portion of the bed at a rate equal to 
the rate of formation of particulate product. 
55 [01 49] The product is removed semi-continuously via a series of valves into a fixed volume chamber, which is simul- 
taneously vented back to the reactor. This allows for highly efficient removal of the product, while at the same time 
recycling a large portion of the unreacted gases back to the reactor This product is purged to remove entrained hy- 
drocarbons and treated with a small stream of humidified nitrogen to deactivate any trace quantities of residual catalyst. 



30 TABLE 11 



Run 


11 


12 


13 


14 


15 


16 


Ml (dg/min) 


2 


0.81 


2 


4.6 


0.94 


1.2 


Density(g/cc) 


0.9116 


0.9175 


0.9173 


0.9202 


0.9178 


0.9155 


Temperature ^F) 


165 


135 


176 


175 


175 


175 


Temperature (^C) 


74 


85 


30 


79 


79 


79 


Pressure (psig) 


300 


300 


298 


300 


300 


300 


Pressure (kPa) 


2069 


2069 


2055 


2069 


2069 


2069 


Ethylene (mole %) 


35 


59 


48 


50 


60 


40 


Comonomer(s) 


Butene/ Hexene 


Hexene 


Hexene 


Hexene 


Hexene 


Hexene 


Butene (mole%) 


0.97 


0 


0 


0 


0 


0 


Hexene (mole %) 


0.59 


1.3 


0.96 


1.08 


1.23 


0.73 


Hydrogen (mole ppm) 


107 


102 


198 


214 


34 


62 


TEAL Cone (wt ppm) 


105 


0 


150 


0 


0 


43 


Bed Wt (lb) 


238 


253 


508 


512 


500 


248 


Bed Wt (kg) 


108 


115 


230 


232 


227 


112 


Prod Rate (Ib/hr) 


47 


63 


90 


127 


111 


60 


Prod Rale (kg/hr) 


21 


29 


41 


58 


50 


27 


Cat Prod (g/g) 


2870 


4850 


3500 


5160 


5310 


2610 


Bulk Density (g/cc) 


0.44 


0.38 


0.42 


0.42 


0.45 


0.47 
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TABLE 11 (continued) 



10 



15 



Run 


11 


12 


13 


14 


15 


16 


Avg. Particle Size(jim) 


932 


950 


812 


947 


966 


746 


Avg. Particle Size (cm) 


0.0932 


0.0950 


0.0812 


0.0947 


0.0966 


0.0746 


Fines (wt%) 


0.25 


0.1 


0 


0.2 


0.66 


0.05 


Oligomer Content 














Total (wt ppm)* 


681 


579 


492 


2600 


670 


790 


Olefinic (wt%)/(wt ppm) 


13/90 


<10/<58 


<10/<49 


<10/<26 


-/- 


12/95 


Fouling Cooler (%/day) 


31 .6 


0 




0 


0.86 


3.5 


Fouling Plate (%/day) 


0 


0 






0.54 


3.4 



Total in ppm by weight of olefinic and aliphatic oUgomers having a molecular weight less than 430 in the polymer. 
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[0150] Runs 11 and 13 are comparative 

[0151] The polymers produced by this invention can be used in a wide variety of products and end-use applications. 
The polymers typically have a density in the range of from 0.900 g/ml to 0.970 g/m! preferably in the range of from 
0.905 g/cc to 0.965 g/ml, more preferably in the range of from 0.910 g/ml to 0.915 g/ml to 0.935 g/ml to 0.940 g/mt 
most preferably greater than 0.915 g/ml Polymers produced by the process of the invention are useful in such forming 
operations as film, sheet, and fiber extrusion and co-extruslon as well as blow molding, injection molding and rotary 
molding. Films include blown or cast films fonned by coextrusion or by lamination useful as shrink film, cling film, stretch 
film, sealing films^ oriented films, snack packaging, heavy duty bags, grocery sacks, baked and frozen food packaging, 
medical packaging, industrial liners or membranes in food-contact and non-food contact applications. Fibers include 
melt spinning, solution spinning and melt blown fiber operations for use in woven or non-woven form to make filters, 
diaper fabrics, medical garments or geotextiles. Extruded articles include medical tubing, wire and cable coatings, 
geomembranes, and pond liners. Molded articles include single and multi-layered constructions in the form of bottles, 
tanks, large hollow articles, rigid food containers and toys, 

[0152] While the present invention has been described and illustrated by reference to particular embodiments, it will 
be appreciated by those of ordinary skill in the art that the invention lends itself to variations not necessarily illustrated 
herein. For example. It is within the scope of this invention to include an apparatus for removing oligomers in the recycle 
stream, such as that described in U.S. Patent No. 5,126,414. Also the process of the invention can be used in a single 
reactor or in a series reactor or even in series where one reactor is a slurry reactor and the other being a gas phase 
reactor It is also contemplated that when using a series reactor system thai a traditional Ziegler-Natta catalyst can be 
used in one reactor in any of the process patents described previously and the process of the invention used in a 
second reactor. For this reason, then, reference should be made solely to the appended claims for purposes of deter- 
mining the true scope of the present invention. 



Claims 
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A continuous gas phase or slurry polymerization process for polymerizing one or more olefins using a metallocene 
catalyst system of a metallocene catalyst component and a component which can activate the metallocene in a 
reactor capable of producing at a rate greater than 227 kg/h of a polymer product, which process operates with 
no more than 50 ppm of a scavenger based on the total weight of a fiuidlzed bed at any given point in time, 
introduced directly or indirectly into the recycle stream or Into any external means capable of introducing the scav- 
enger into the reactor, but excluding a process using a metallocene catalyst of bis-(n-butylcyclopentadienyl) zir- 
conium dichloride and methyl alumoxane supported on silica to make an ethylene-hexene copolymer, wherein the 
catalyst is obtainable by mixing 1 03.87 kg of silica with 140.62 kg of a 30 % by weight toluene solution of methyl 
alumoxane, adding an additional 204.12 kg of toluene and holding the mixture at 63*C for 2 hours, adding 2.81 
kg of bis-(n-butylcyclopentadienyl) zirconium dichloride and allowing to mix for 1 hour, decanting and solvent ex- 
changing several times with hexane, and finally drying at 6S^C to a free flowing powder. 

A process according to claim 1 in which the amount of scavenger in the reactor is less than 30 ppm, preferably 
less than 20 ppm and especially less than 10 ppm. 
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3. A process according to any of the preceding claims in which the scavenger is used in an amount in a mole ratio 
of metal in scavenger to metal from metallocene of less than 1 00. 

4. A process according to any of the preceding claims in which the scavenger Is at least one organometallic compound 
5 of Group 12 or 13. 

5. A process according to any of the preceding claims in which the metallocene is activated by alumoxane or an 
ionizing activator. 

10 6. A process according to any of the preceding claims in which the scavenger is at least one compound of the general 
formula: 



15 

Where A is a Group 12 or 13 element, and R can be the same or different and be a substituted or unsubstltuted, 
straight or branched chain alkyi radical, cyclic hydrocarbyl radical, alkyl-cyclohydrocarbyl radical, aromatic radical 
or alkoxide radical; with n being 2 or 3. 

20 7. A process according to any of the preceding claims in which the olefins comprise ethylene or propylene and an 
a-olefin comonomer having from 3 to 15 carbon atoms. 

8. A process according to any of the preceding claims which comprises introducing scavengers such that less than 
50 ppm of to C^g-oligomcr arc formed. 

25 

9. A process according to any of the preceding claims which is gas phase and where in one part of the cycle of the 
reactor, a cycling gas stream is heated by the heat of polimerization and the heat is removed in another part of 
the cycle by a cooling system external of the reactor. 

30 10. A process according to any of the preceding claims In which a recycle stream is introduced into the reactor having 
a liquid and a gas phase with the content of the liquid phase being from 2 to 50 weight %. 



Patentanspruche 

35 

1 . Kontinuierliches Gasphasen- oder Aufschlammungsverfahren zum Polymerisieren von einem Oder mehreren Ole- 
finen unter Verwendung eines Metallocenkatalysatorsystems aus einer Metallocenkatalysatorkomponente und ei- 
ner Komponente, die das Metallocen aktivieren kann, in einem Reaktor, der in der Lage ist, Polymerprodukt mit 
einer Geschwindigkeit von mehr als 227 kg/Stunde herzustellen, wobei das Verfahren, bezogen auf das Gesamt- 

40 gewicht des Wirbelbetts zu jedem beliebigen Zeitpunkt, mit nicht mehr als 50 ppm Abfangmittel arbeitet, das direkt 

Oder indirekt in den Ruckfiihrungsstrom oder in ein beliebiges externes Mittel eingebracht wird, das das Abfang- 
mittel in den Reaktor einbringen kann, jedoch unter Ausschluss eines Verfahrens unter Verwendung eines Metal- 
locen katalysators von Bis(n-butylcyclopentadienyl)2irconiumdichlorid und Methylalumoxan, die auf einen Trager 
aus Siliciumdioxid aufgebracht sind, zur Hersiellung von Ethylen/Hexen-Gopolymer, wobei der Katalysator erhalt- 

45 lich Ist, indem 103,87 kg Siliciumdioxid mil 140,62 kg 30 Gew.% ToluoMosung von Methylalumoxan gemischt, 

weitere 204,12 kg Toluol zugegeben werden und die Mischung zwei Stunden auf SS'^C gehalten wird, 2,81 kg Bis 
(n-butylcyclopenladienyl)zirconiumdichlorid zugegeben werden und eine Stunde mischen gelassen, dekantierl 
und mehrfach mit Hexan losungsmitteiausgetauscht sowie schlieQIich bei 65**C zu rieselfahigem Pulver getrocknet 
wird. 

50 

2. Verfahren nach Anspruch 1 , bei dem die Menge an Abfangmittel in dem Reaktor weniger als 30 ppm, vorzugsweise 
wonigcr als 20 ppm und insbcsondcrc wcnigcr als 10 ppm bctragt. 

3. Verfahren nach einem der vorhergehenden Anspruche, bei dem das Abfangmittel in einer Menge in einem Mol- 
55 verhaltnis von Metall aus Abfangmittel zu Metall aus Metallocen von weniger als 1 00 verwendet wird. 

4. Verfahren nach einem der vorhergehenden Anspruche, bei dem das Abfangmittel mindestens eine organometal- 
lische Verbindung der Gruppe 12 Oder 13 ist. 
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5. Verfahren nach einem der vorhergehenden Anspruche. bei dem das Metailocen mit Alumoxan oder ionisierendem 
Aktivator aktivlert wird. 

6. Verfahren nach einem der vorhergehenden Anspruche, bei dem das Abfangmittel mindestens eine Verbindung 
5 mit der allgemeinen Formel: 

R„A 

10 ist, in der A ein Gruppe 12 oder 13 Element ist und R gleich oder unterschiedlich sein kann und ein substitulerter 

Oder unsubstitulerter. geradkettlger oder verzweigter Alkylrest, cyclischer Koh ten wasserstoff rest. Aikylcyclokoh- 
lenwasserstoffrest, aromatischer Rest oder Alkoxidrest ist, wobei n 2 oder 3 ist. 

7. Verfahren nach einem der vorhergehenden Anspruche, bei dem die Olefine Ethylen oder Propylen und a-Olefin- 
15 comonomer mit 3 bis 15 Kohlenstoffatomen umfassen. 

8. Verfahren nach einem der vorhergehenden Anspruche, bei dem Abfangmittel eingebracht werden, so dass weniger 
als 50 ppm C^^- bis C^s'^ligomer gebildet werden. 

20 9. Verfahren nach einem der vorhergehenden Anspruche, das ein Gasphasenverfahren Ist und bei dem in einem Teil 
des Zyktus des Reaktors ein Umlaufgasstrom durch die Polymerisationswarme aufgeheizt wird und diese Warme 
in einem anderen Teil des Zyklus durch ein auBerhalb des Reaktors befindliches Kuhlsyslem abgeleitet wird. 

10. Verfahren nach cincm der vorhergehenden Anspruche, boi dom cin Ruckfuhrungsgasstrom in den Roaktor cin- 
25 gebracht wird, der eIne flussige und eine Gasphase aufweist, wobei der Gehalt der flussigen Phase 2 bis 50 Gew. 

% betragt. 



30 



Revendications 



1 . Precede continu de polymerisation en phase gazeuse ou en suspension pour polymertser une ou piusieurs olefines 
au moyen d'un systeme de catalyseur a base de metallocene forme d'un constituant de catalyseur du type metal- 
locene et d'un constituant qui peut activer le metallocene dans un reacteur capable de produire a une Vitesse 
superieure a 227 kg/h un polymere, precede qui est mis en oeuvre avec une quantlte non superieure a 50 ppm 

35 d'un accepteur sur la base du poids total d'un lit tluidise a n*importe qu el poi nt de temps donne, introduit directement 

ou indirectement dans le courant de recyclage ou dans nMmporte quel moyen exterieur capable dMntroduire I'ac- 
cepteur dans le reacteur, mais a I'exclusion d'un precede utillsant un catalyseur du type metallocene a base de 
dichlorure de bis(n-butylcyclopentadienyl)-zirconium et de methylalumoxane sur un support consistant en sillce 
pour preparer un copolymere ethylene - hexene, le catalyseur pouvant etre obtenu en melangeant 103,87 kg de 

40 silice k 140,62 kg d'une solution a 30 % en poids de methylalumoxane dans le toluene, en ajoutant une quantite 

suppl6mentaire de 204,12 kg de toluene et en maintenant le melange a 63**C pendant 2 heures, en ajoutant 2,81 
kg de dichlorure de bis(n-butylcyclopentadienyt)-2irconium et en laissant le melange s'effectuer pendant 1 heure, 
en effectuant une decantation et en rempla9ant piusieurs f ois le solvant par de Thexane, et en effectuant f inalement 
un sechage a 65*C, donnant une poudre a ecoulement libre. 

45 

2. Proc6d6 suivant la revendication 1 , dans lequel ia quantity d'accepteur dans le reacteur est inf^rieure ^ 30 ppm, 
de preference inferieure a 20 ppm el nolammenl inferieure a 10 ppm. 

3. Precede suivant Tune quelconque des revendications precedentes, dans lequel i'accepteurest utilise en une quan- 
go tite correspondant a un rapport molaire du metal dans Taccepteur au metal du metallocene inferieur a 100. 

4. Proccdc suivant Tunc quelconque des revendications prcccdontcs, dans IcqucI I'acccptour consistc on au moins 
un compose organometallique d'un element du Groupe 12 ou 13. 

55 5. Precede suivant I'une quelconque des revendications precedentes, dans lequel le metallocene est active par un 
alumoxane ou un activateur ionisant. 

6. Precede suivant I'une quelconque des revendications precedentes, dans lequel I'accepteurconsiste en au moins 
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un compose de foimule generale : 

dans laquelle A represente un element du Groupe 12 ou 13, et les groupes R peuvent etre identiques ou differents 
et representenl un radical substitue ou non substitue, alkyle a chaine droite ou ramifiee, hydrocarbyie cychque, 
alkylcyclohydrocarbyle, aromatique ou alcoolate, n etant egal a 2 ou 3, 

Precede suivant I'une quelconque des revendications precedentes, dans lequel les oiefines comprennent I'ethy- 
lene ou le propylene et un comonomere a-olefinlque ayant 3 a 15 atonnes de carbone. 

Procede suivant Tune quelconque des revendications precedentes, qui comprend Tintroduction d'accepteurs de 
maniere a former molns de 50 ppm d'oligomere en C^^ a C^q, 

Procede suivant Tune quelconque des revendications precedentes. qui est un procede en phase gazeuse et dans 
lequel, dans une partie du cycle du reacteur, un courant de gaz de recyclage est chauffe par la chaleur de poly- 
merisation et la chaleur est evacuee dans une autre partie du cycle par un systeme de refroidissement a I'exterieur 
du reacteur. 

20 

10. Procede suivant I'une quelconque des revendications precedentes, dans lequel un courant de recyclage est in- 
troduit dans le reacteur comportant une phase llquide et une phase gazeuse, le contenu de la phase liquide re- 
presentant une proportion de 2 a 50 % en poids. 
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